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The successful coupling or th* meningococcal groups 
A, B, and C pofy^accnarldes to tetanus toxoid to yield 
water soluble conjugates is described. Reactive aldehyde 
groups wore strategically introduced Into tho terminal 
residue* of the polysaccharides by the controlled perio- 
date oxidation of tho native groups B and C polysaccha- 
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rides and of the group A polysaccharide previously mod- 
ified by ths reduction of its terminal reducing N-acetyJ- 
mannosamlne residue. This produced essentially mono- 
valent polysaccharide molecules, which were subse- 
quently covalently (inked to tetanus toxoid by means of 
reductive amlnatlon. Although the groups A and C poly- 
saccharides proved to be poor fmmunogens fn rabbits 
and mice, their tetanus toxoid conjugates produced high 
levels of polyeaccharide-epechic antibodies in both anl* 
male. By contrast, even in the form of its tetanus toxoid 
conjugate, the group B polysaccharide failed to elicit 
homologous potysaccharide^speclf te antibodies in either 
animal; a major proportion of the antibodies actually 
produced had a specificity for the linkage area of the 
conjugate. This evidence Is compatible with the hypoth- 
esis of the poor immunogenic^ of the group B polysec- 
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charide being structure related. Hyparimmunization of 
mice with the groups A and C polysacchaiide-tetanud 
toxoid conjugate* produced antfsera with good bacteri- 
cidal activity against their respective homologous orga- 
nism*, and Indicated the potential of these conjugates as 
potential human vaccines. 



Despite the demonstrated succeed of the groups A and C cap- 
sular polysaccharides of Neisseria meningitkfiG in providing ho- 
mologous serognouo immunity rn humans CI), there still remain 
major problems associated with their use as human vaccines- first, 
tho. group B polysaccharide is onfy poorly Immunogenic in man (2). 
and second, both the A and C polysaccharides are relatively poor 
immunogens very young infants (3). This Utter situation is highly 
undesirable because this section of the population experiences the 
highest incidence of these meningococcal infections (3). There- 
fore, in order to surmount these problems, it Is necessary to 
enhance the tmmunogenioity of these polysaccharides by convert- 
ing tnem to thymus dependant immunogena (4-8), One possible 
method of achieving these objectives ie by the conjugation of these 
polysaccharides to a carrier protein. The feasibility of this approach 
has been well established in earlier work (4, 9, 1 0), although the 
coupling methods employed resulted in the formation of linkages 
having highly undesirable structural features for use in human 
vaccines. 

More recently, the use of simple and efficient coupling tech- 
niques employing reagents that form linkages having more ac- 
ceptable structural features have been reported (5-7, 1 1 X Except 
for the EDC° method (1 2) employed by Svsnson and u'ndberg (i U 
on the large m.w. oligosaccharides obtained from Salmonella O 
antigens, the 2 methods employed by Schneerson ef at. (7) and 
Beuvery ef aA (5. 6) to conjugate the respective larger molecular 
size Haemophilus influenzae type 6 and N. meningitidis group C 
polysaccharides to TT were based on the random activation of the 
functional groups of these polysaccharides. Wo nave tried to 
extend the monofunctlanal group approach used in conjugating 
oligosaccharides <11, 13) to the larger molecular size meningo- 
coccal polysaccharides. This was achieved by the introduction of 
a terminally located free aldehyde group into the polysaccharide 
molecules, through which they could be specmcaify coupled to 
protein without activating the other functional groups on tfiB poly- 
saccharide. This procedure avoids cross-linking, minimizes the 
possibility of extraneous chemical modification of the polysaccha- 
rides, and results In batter-aefined immunogens. 

MATERIALS AND METHODS 

Materials, Crystalline BSA wbb obtained from Schwarz-Mann. Orange- 
burg. NY. and L(+) lysine monphydrocrtioride from Eastman Kodak Co. 
Rochester, NY. Neuraminidase {Vibrio choferae) was obtained from Calbl- 
OChem- Be fifing Corp. La J oil a, Ca, and tetanus toxoid (TT) was a gift from 
Dr. Marc QuevllJon of the InsfJtut Armand Frappler. Montreal, Quebec, and 
was additionally purified using a SaphadBx Q-100 column (Pharmacia. 
Uppsala. Sweden) ecu III bra led with PBS. 3 Only the fraction In the void 
volume of the column was used in the conjugation experiments. N. monin- 
gilidls Strains B04A. GOSB, and 2241 C were obtained from me culture 
collection of the Laboratory Center for Disease Control, Ottawa. Ontario, 
and were grown in a chemically defined medium P *X The cetavlon-precip- 
hated capsular polysaccharides were purl fled by extraction wilh hot buffered 
phenol and treatmem with noenucleace C1 5). The polysaccharides, modified 
polysaccharides, and oligosaccharides utilized in the conjugation experi- 
ments were of selected molecular sizes. This selection was achieved by the 
fractionation of tho above preparation a on the appropriate calibrated Sapp- 
ed©* G-100 or G-50 (for the group B polysaccharide) columns equilibrated 
with PBS. The selected Fraction? wars then reapplied to the same rospecbvo 
columns. The column eluatea were monitored using a Waters Associates 
differ en rial rBfraclometer (modal R403). in each case the selected molecular 
size fractkins constituted th© major portion of the etuted polysaccharides, 
which In th© case Of the group A and G polysaccharides also happened to 
be the largest molecular afzo fractions. 

Analytical methods. Phosphate was determined by the method of Chen 
ef a/. (16). and protein by the method of Lowry of at. (1 7X Free sialic acid 

4 Abbreviations used in thto paper: EDC, i-etrryf-3-C0lfl»triy lamina propyl)- 
carbodUmlde hydrochloride; TT, tetanus toxoid; PBS. 0.01 M phosphate buffered 
physiologic saline; MSA. human serum albumin; EUSA, eniyme^llnkgd immune- 



was estimated by the t^Obarbrturaie method Of Arntnoff (18). and the lotal 
sialic add content was measured by the method of Svennerholm (19). 
Neuraminidase (V. cho/srae) treatment of the group B conjugates was 
carried out as previously described for me group B pc4y saccharide (20). 
l3 C nmr (nuclear magnate resonance) spectroscopy was carried out on a 
Varian CFT20 apectrometer on ir>mm tubas) Operating at 20 MHz in the 
pulsed Fourier transform mode wtlh complete proton decoupling. Chemical 
shifts are reported m parts per million (ppm) downfleid from external 
tetrarneltiylsflftne. and the 3 » resonance of deuterium oxide was used as a 
field frequency lock signal- 

DepolynerintiOfl or trie group C polysaccharide. The group C polysac- 
charide (100 mg) wee depotymarizsd by dissolving it In water OQ ml), 
adjusting the pH of Ihe solution to 7.2 with 0.1 M NaOH. and heating the 
resultant solution at lOO'C tor A_5 hr. The solution was then cooled and 
ryoohtUred. and the mixture of ollgo&accharidea was applied to a Sephadex 
G-50 column equilibrated with pyrid I ne-a estate buffer ai ph The broad 
Nghest m.w. peak was lyoortrSzed 10 yiefd 70 mg of e mixture of ollposac- 
ch aridss. which were further fractionated using a SephadeX G-25 column 
equribrated with the same buffer. The 1st fraction wa> collected and 
lyophrfized to yield 50 mg of ctigoeaccharldee In the m.w. range of 2500 to 
3000. The fact that some of the O-acotyl groups of the group C polysac- 
charide (20, 21) were ailfl retained on the resultant Oligosaccharides waa 
ascertained from their ia C nmr spectra In which the methyl signal Of the O- 
acetyl groups at 21.7 ppm (20. 21) was stilt observable. Variation In the 
lima of heating of the group C polysaccharide produced varying degrees of 
cte polymerization, thus providing a method tor the controlled acid hydrolysis 
of this extremely acid-sensitive por/aaccharlda. 

Reduction of tfte group A polysaccharide. The group A pofy saccharide 
(average m.w. 25,000) (200 mg) was dissolved In 20 ml of water lo which 
100 mg of NaBrl* was added. The reduction was Ion overnight at room 
temperature and was then dfatyzed agamst water, and diatyseie was sub- 
eequently lyophlllzed to yield 1 do mg of the reduced group A polysaccha- 
ride. 

S&Qctivo pvriodatQ oxidation of the potysacchanoea. Selected molecular 
size fractions of the native group S (average m.w. 1 0,000). group C (average 
m.w. 40.000). and the reduced group A (average m.w. 25.000) porysac- 
charldea were oxidized with 1DOmM rtoQ<so1uUon(1Dmg polysaccharide/ 
1 ml) at room temperature In the dark for 1 5 mtn. Following this period. 2 ml 
of ethylene glycol were added to expend the excess NalO«. and the solution 
was left at room temperature for an additional 60 mm. The oxidized groups 
A and C polysaccharides were dlafyzed. lyophrflzed, and purified by gel 
filtration (Sephadex G-lOO column). The group 0 polysaccharide was - 
purified by the direct application of ine ethylene glycol -(rea ted reaction 
mixture to a Sephadex G-25 column. All the oxidized polysaccharides were 
recovered in 65 to 90% yields, having undergone no significant diminution 
in molecular stze from the original polysaccharide. Each oxidized polysac- 
charide had an identical elubon volume to the tatter on the same calibrated 
columns, previously used for the m.w. determinations, of the original native - 
polysaccharides. 

0>"recr COn/unanon of the pofysaccf>ar/deS frith proteina. The oxidized 
polysaccharides (7p to 1 00 mg) were added to 5 0 ro 7.5 mg of TT or BSA 
solutions In 1 lo 2 ml of 0.25 M KjHPO. (pri 9.0) lor the group A 
polysaccharide, and 0.7S M K a HPO< (pH 9.0) for the groups B and C 
polysaccharides. The variation in the tonic strength of the buffer was used 
to suppress Ihe formation of Insoluble precipitates formed by Ionic assocl- 
b lions between the polysaccharides and the proteins. Sodium cyanoboro- 
hydrtde (20 to 40 mg) (Aldrtch. Milwaukee. Wl) was added to the solutions, 
followed by 3 drops of toluene. Bnd Ihe reaction mixtures were magnetically 
stirred In sealed vials for 11 to 13 days ai 4G°C. The reaction mixtures 
were than applied directly to Sephadex 0-100 columns, and (he highest 
m.w. fraction of each was collected end concentrated by ultrafiltration. The 
concentrated conjugates were then analyzed for their polysaccharide and 
protein contents. 

Using similar procedures to those described above, the oxidized group 
B poly saccharide waa also conjugated to i^-lyaine, and the native group B 
polysaccharide was Conjugated directly to BSA via the hemiketel of its 
reducing end-group ataKc add residue. The above conjugates were purrfied 
on Sephadex G-25 and G-100 columns, respectively > Treatment of the 
group B conjugates, linked through their terminal non reducing Sialic add 
residues, wirh neuraminidase failed to liberate any free sialic acid from 
them. In contrast ro the native group B polysaccharide when aim Harry treated 
<21>. 

tnetroct conjugation of the group C oligosaccharide whh BSA. Tne 
arylarnine coupling reaction waa earned out ualng Ihlophosgone essentially 
as described by Mcerocm etaf. (22). In preparation for this reaction, the 2- 
(4-amlnopr»enyI>-etrrylamine derivative of tne oligosaccharide was prepared 
<23), The osgosaccharide (50 mg) was dissolved cn t m| of water and added 
lo a rapidly stirred solution, adjusted to pH a.O. of 1 ml of 2K4-amlnopherryn- 
Blhylamrne and sodium Cyanoborohydnde (25 mg) in 1 ml of water. The 
reaction was allowed lo proceed at room temperature for 3 days, during 
which nma the PH waa kept constant CpH 8.0) by automatic titration with 
0.1 M NaOH. The reaction mixture was then applied directly lo a Sephadex 
G-25 column equilibrated with O.OZ M pyridine scetate buffer at pH 5.4, 
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and the first-shit ad fraction, which contained both sialic add and arylan^ne 
Cabsof banco al 236 nm) SUbatituonls, was lyophiraed> 

The atmvs denwairwe was dissolved In 70% aqueous ethanol (6 mD, and 
1 60 u) of Ihlophcsgene ware added Slowly to tha solution, maintain! OC a pH 
of 7.0 by titration wrtn 1 M MaOH In 75% aqueous emanoV When me 
consumption of base had ceased, lha axoaas thiophosgene was expelled 
by repeated evaporation of methanol from the product. A sotulion of the 
above oligosaccharide isotniocyanatophenyl derivative In PBS (2 ml) at ph 
9.0 was added to a stirred aohjUofl of B5A (10 mg) in 6 ml of the aame 
buffer. Coupling was then allowed 10 proceed TO* 72 fit at room temperature, 
maintaining a cofrstan! pH of 9.0 by the automatic titration of the reaction 
mixture with 0.01 M NaOH aoujllon. The reaction mixture was then applied 
directly to a Sephadex G-lOO column (1.6 x 30 cm), and me ist-euitod 
fraction, wnich con rairt ad bolh sialic acid and pro tern, was concentrated by 
ultrafiltration. 

Immunization procedures. New Zealand Wnfte rabbits (approximate 
weigh i t, to 3 kg) were immunized in ma footpads with 30 to so p$ of the 
eetecred fr ad tart a of tha groups A, 6, and C native polysaccharides, and 
their respective TT conjugates suspended In FreunoV complete adjuvant 
(Dffco, Detroit, MD. Two immunizations were given 21 deya apart, and me 
rabbits were bled 7 to 11 days after the 2nd injection* Groups of 50 Swiss 
while mice were gfvan S subcutaneous injections at weekly intervale with 
(he same polysaccharides and their respective conjugates (5 pQ in 0.2 ml 
pbsj, and 7 days after each injection 5 mice from each group were 
exsanguinated. 

Immunodiffusion* Double radial «mrmjnodrrhjSion was performed in 0.9% 
agarose gets In PBS containing 2% poiyetriylene glycol (m.w. AOOO) (24). 

Enzyme-finked Immunosorbent assay (Cu$A). EUSA was performed by 
e modification Of the method of Voller ef at (25) In polystyrene microliter 
plates Oinbro Chemical CaX and Ihe reagents were prepared using the 
following me I hods. Mouse IgG anil body was purified from normal mouse 
serum by pro dpi ration with ammonium sulfate. roPewed by Chromatography 
on a D£AE cellulose column (260. Specific rabbit anil -mouse IgG antibody 
was obtained by affinity chromatography. The IgG fraction of rabbit an Li- 
mouse IgG (Milee-Yeda, Ltd., flehovet Israel) was passed through e Soph- 
arosc 4B column to which pure mouse IgG was covelentty bound by 
activation wllh cyanogen bromide (27). Specific antibody was eluted from 
this column with a 0.2 M gtycme-HCI buffer IpH 2,8). Pure antibody was 
conjugated to alkaline phosphatase (Miles Laboratories (PTV) Goodwood, 
South Afrlee: 1061 u/mg protein) by the addition of gluteraldehyde (2B) 
according to Eng. vail er al. (29). Tna enxyme-lgO compfeM was separated 
by gel ohromatoaraphy on a Sepharoee 6B column (1 .6 k 30 cm) equlfi- 
brated with PBS. To me highest molecular Size fraction eluted from ihe void 
volume of the column was added 5% human serum albumin (HSA) for 
Stabilization 01 (he reagenL The reagent was thaii stored at 4°C with 0.02% 
sodium azhJ© as a preservative. Each re ay en r was added to the walls In a 
volume or 0.2 ml. The wens were coated using a 5 pg/ml solution of each 
antigen in O.05 M sodium carbonate-bicarbonate buffer at pH 9.6 at 37°C 
for 3 hr end a further 1 S hr at 4°C The plates were washed 5 times wtth 
PBS containing 0 05% Tween 20 at this time and then subsequently 
between the addition ot each additional reagent. After the 1st wash, the 
wells were filled with serial 1 0-fold dilutions of mouse AnNsera (immune end 
prelmmuneX and the plates were left for 24 hr at 4°C. The Initial dilution of 
the antisera wee 1 HOC. After a further wash, alkaline phosphatase conju- 
gated wllh rabbn-anb'-mouse IgG (4 ag/ml P 83-0.0$% Tween), previously 
purified by affinity chromatography, was added. The above solution was left 
in the microti tec plates overnight at room temperature! and after washing, p- 
nltrophenylphosphate (1.5 mg/mt in 0.05 M sodium cartoon at 9-biCarbonaTB 
butter containing i mM MgO,) was added to each well. Color development 
waa stopped at 1 00 min. the solutions were transferred to tubes con raining 
0.4 ml of 0.2 M NaOH solution, and the enzyme activity was measured as 
an increase in optical density at 400 nm. The values for serum, antigen, 
and buffer oJanfcS were subtracted from (he above measurements. The 
antiserum to the group C-TT conjugate used in the EUSA experiment 
contained 2 SO & antibody protein/ml specific for the group C polysaccha- 
ride as measured by nricroprecfpltin techniques described below. 

Quantitative mfcropretiQitto experiment*. These experiments were car- 
ried out according to the method of Kabac and Mayer (30) usmg 0.1 ml of 
aniiserum (5 limes diluted) and 0.1 m| antigen solution containing 1 to 50 
fig of antigen. Precipitates were dissolved In 0.22 ml of 0.1 M NaOH, and 
the protein was determined by the method of Lowry ef at. (17). For mh>bluon 
experiments, the antisera were first Incubated For 1 hr at 37°C wllh increas- 
ing amounts of inhibitor before die addition of the anugen sohjoon. The 
amount of antigen used was determined from its respective precipitin curve 
at equivalence point 

Bactericidal assays. These were carried out by the mlcrobaderlcidaJ 
procedure described by F reach and Chapman (31X 

RESULTS 

The introduction or* a raacVve aldehyde group into the polysac- 
charide. Because of the unique structures of the meningococcal 
groups B and C polysaccharides (20, 21 ). it was possible by means 
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ot controlled perlodate oxidation to introduce Into their structures 
a terminally located aldehyde group. The structure of the group C 
polysaccharide is depicted In Figure 1, and although one might 
expect some or its internal C7-C8 bonds to be readily cleaved by 
perlodate oxidation. In actual tact the oxidation ot the vicinal 7- 
and 8-hydroxyl groups of the B-linked sialic acid residues is 
extremely stow (20). in addition, the polysaccharide is further 
stabilized by Oacetyl suhsMtuertts strategically located on many 
or these same vicinal hydroxyte. However, me oxidation of the 
same 7- and 8-hydroxyl groups ot the unlinked terminal nonreduc- 
ing sialic acid residue (s extremely fast (32) and probably generates 
an aldehyde group at C7 ot this residue. It Is unlikely that the 
reducing terminal sialic add residue would oxidize to any great 
extent under these conditions because It exists in solution mainly 
in its pyranose ring form (20) and as such should behave sunllarty 
to an interchain residue. 

The structure of the group B polysaccharide (20, 21) is shown 
m Figure 2 and has properties in relation to its periodate oxidation 
similar to those of the group C polysaccharide except that the 
interchain 2 ft-iinkages make the interchain static acid residues 
even more staJbfe. Thus the aldehyde group is also generated at C- 
7 of tha no^reChJCtng end-group Sialic acid residue of the group B 
polysaccharide. The structure of the group A polysaccharide (21 . 
33) presents a different situation to both the group Q and group C 
polysaccharides, in that its nonreduclng rV-acetyimannosarnlne 
end-group is no more susceptible to perlodate oxidation than any 
of the non-O-acetylated internal residues. However, the reducing 
end-group rV-acetylmannosamine residue can be made into me 
most susceptible residue by slmpfy reducing it to its open chain N- 




2, ft t R' = COCMj 

1 H " M. R 1 * COCHj 
4, e-COCH,,*'.* 
Figure T. Structure ol the menlngoeeceeJ group C capsular polysaccharide 
depleting the terminal sialic acid residues. 




Figure 2. Structure of the meningococcal group B capsular pnr/aacertaridn 
doplctlng the terminal sialic add residues. 




R - OCCH, er H 

Figure 3. Structure ot the reduced manln gococcel group A capsular polysac- 
charide deofcttng the terminal /V-aeetytmanneeamtrie and rV-ecatylmanneearnlnt* 
tel residues- 
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acetyfrnannos^minitol derivative, as snov/n in Figure 3. in this term 
the modified group A polysaccharide can tie selectively oxidized 
at this residue to generate a terminally located aldehyde group. 
Ge! filtration of all Ihe above polysaccharides before and after 
oxidation indicated that oxidation had caused no significant dimi- 
nution in the molecular sizes of these polysaccharides, and there* 
fore that only minimal interchain breakage could have occurred 
(Table l). 

Depotymenzetion of (he group C polysaccharide Heating a 
neutral (pH 7.2) solution of me group C polysaccharide at ioo v C 
resulted in a controlled depolymer^ation of this extremely acid- 
sensitive polysaccharide, even after 4.5 hr of this treatment, the 
average molecular size of the major fraction of oligosaccharides 
was still in the range of 2500 to 3000. Therefore, increasing or 
decreasing the time of this treatment resulted in a predominance 
of smaller oligosaccharides or larger m.w. depoiymerized polysac- 
charides, respectively. It is" interesting to note that the O-acetyl 
groups of the original group C polysaccharide (20. 2i) were 
retained on the depoiymerized products, although the amount 
retained was found to be dependant on the time of heating. Similar 
depolymemations have also been accomplished using Ihe phos- 
phorylated group A polysaccharide with this technique. A similar 
process was first used to deoolymenze the more acid-stable pneu- 
mococcal type 111 polysaccharide (34). but the. above experiments 
indicate the even greater versa tiliry of this technioue in its ability to 
perform controlled depoiymerizations of very highly acid-sensitive 
polysaccharides. 

Conjugation of polysaccharides and oligosaccharides to pro- 
teins. The polysaccharides, modified polysaccharides. 3nd oligo- 
saccharides were conjugated to BSA and/or TT by means ol 
different methods- The group C oligosaccharide was coupled to 
BSA by an indirect process involving the preliminary addition of 2- 
(4-aminophenyl)-ethyiene to the hemikctal of Its reducing terminal 
sialic acid residue. This was accomplished by reductive amination, 
thus converting the terminal sialic acid residue mto an open chain 

TABLE I 
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spacer (23). The above compound was treated with thiophosgene 
in 70% othanoi to yield its isothfocyanaiophenyl derivative, which 
could then be coupled directly to BSA Py the method of McBroom 
ef a/. (22). The purified conjugate contained 20% sialic acid, thus 
indicating that it was composed of a molar ratio of oligosaccharide 
to BSA of approximately 5.5:1 .0. Tho yield of conjugate, as in the 
case of all the conjugates described in this paper, was in excess 
or 90% in lerms of the total protein content. 

The aoove method could not be used with the higher m.w. 
polysaccharides (Table I) because of ihBir tendency to precipitate 
in 70% ethanol solution during the formation of the isothiocvana- 
tophenyl derivative. Therefore, a direct coupling to protein of these 
polysaccharides by reductive aminatton, in aqueous solution, 
through their terminal hemiketal groups, was attempted. The group 
B polysaccharide was coupled directly to BSA by this method ana 
yielded a conjugate containing only 10% sialic acid, which indi- 
cated a molar ratio of group B polysaccharide to BSA of approxi- 
mately 0.7:t.O. Modification of the above procedure by first incor- 
porating a termfnaiiy located aldehyde group in the polysaccharide 
molecules and U3ing this more reactive group in the reductive 
amination procedure proved to be more successful. Using identical 
conditions to those employed above the modified group B polysac- 
charide, containing a terminally located aldehyde group, yielded a 
4-fold increase in the amount of coupled polysaccharide (Table I). 
Thus, the molar ratio of group B polysaccharide to BSA in this case 
was 2.5:1 .0. This latter method was finally employed to couple the 
groups A, B. and C. polysaccharides to TT. and the final compo- 
sition of the purified conjugates is shown in Table I. Probably 
because of its higher m.w., the group C polysaccharide was 
coupled less efficiently than that of group B polysaccharide. How- 
ever, other factors in addition io molecular size are also involved 
In the efficiency or thts coupling, because the group A polysaccha- 
ride, intermediate in molecular size to the groups B and C polysac- 
charides, was coupled Ihe leasl efficiently on a mofar basis. 

Immunologic properties of the meningococcal conjugates: Im- 
munization of fQDDtls. The groups A. B, and C polysacchande-TT 
conjugales were used as immunogens in rabbits, and the antisera 
were evaluated by duantitetive precipitin and immunodiffusion anal- 
ysis. The precipitin curves obiamed from each of the above anli- 
sara. when treated with its homologous TT conjugates, indicated 
that a good antibody response was obtained using all 3 TT conju- 
gates. This was also conlirmed by immunodiffusion experiments 
shown in Figure 4, where each of the TT conjugates also gave a 
strong precipitate with its homologous antiserum. In addition, ihjs 
latter analysis was also able to further diilerentiate the antibody 
response and to identify antibodies ot differing specificities in each 
conjugate. The groups A-TT and C-TT conjugates gave similar 
results, in that both yielded antisera thm gave a precipitin line with 
both their homologous conjugates and their respective homologous 
polysaccharides. Spurring between these lines in rhe case ol A 
also indicated that antibodies specilic for TT were also present. 

The group B polysaccharide-TT conjugate antiserum proved lo 





F'tfwc J Doubh? c*iHura 0 n in agar ni ihe ann-group A B and C roly.vic.cr»ar<dr-TT coniuuaic rnb&ii w« f**ifc A. B, :ind O wnn rhelr r*sptociivr homolnoons 
canmu.-i:i:A (wf.li ll their rr. 5 prrcln/c nanve capsular aoWscicirh.inaes {wtfi 2). q group B poiysnrnhnnde-BSA conjugntr: (w P |i 3). and .1 2 - 9 n-linked sialic dCicJ 
ultqosiicchnnm-eSA conjugate [WfcM 4). 
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be en exception to the above examples, because although it 
precipitated with the homologous conjugate. It gave no precipitin 
line with the homologous polysaccharide. However, the fact that 
antibodies with specificities for other than TT were present was 
indicated by the fact that a Similarly linked group B polysaccharide* 
B$A conjugate also gave a strong precipitin Ifne with the use of 
the same antiserum. This result suggested thai me determinant 
responsible for the production of those latter antibodies was situ- 
ated at the common linkage site (lysine to C7 of the terminal 
nonreducing heptulosonic add residue) of both conjugates. This 
was confirmed by inhibition experiments shown in Figure 5, when 
a similarly linked group B polysaccharide-lysine conjugate proved 
to be the moat powerful inhibitor of the anti-group B polyaeccha- 
ride-TT conjugate serum-group B porysaccharide-BSA conjugate 
system. The ability of the oxidized polysaccharide to inhibit the 
above precipitation more efficiently than the native group 8 poly- 
saccharide is also consistent with the above evidence. The fact 
that the native polysaccharide does inhibit me above precipitation, 
albeit weekly, also indicates the presence of antibodies that retain 
some group 3 polysaccharide specificity. In all cases (groups A, 
B. and C). the control anti-poly saccharide rabbit serum failed to 
precipitate with Its homologous polysaccharide. 

Both the native group C (20, 21} and group A (21 . 33) polysac- 
charides contain Oacetyl substituents, me locations ot which have 
been previously established and are shown in Figures 1 and 3. 
respectively. Comparative precipitin tests using both the native and 
de-Oacetylated groups A and C polysaccharides with their ho- 
mologous TT- conjugate sera were performed to determine the role 
played by these substituents in the serology of the conjugates. 
These results are shown In Figure 6 and show thai the de-O- 
acetylated C polysaccharide precipitated much less of the total 
antibody (0.5 mg/ml) man the native group C polysaccharide (2-0 
mg/ml). These results are consistent with both me retention or O- 
acetyl substituents on ma native group C polysaccharide moiety ot 
the group C-TT conjugate and the relative importance of these 
substituents in the serology of the native group C polysaccharide. 
In contrast, the de-O-acetylated group A polysaccharide predp'h 
taxed more of the total antibody (2-1 mg/ml) to the group A-TT 
conjugate than the corresponding native group a polysaccharide 
(1.7 mg/ml). This reversal, when compared with the results ob- 
tained with the group C polysaccharide, can be best explained by 
the fact that the Original group A-TT conjugate contained no O- 
acetyl substituents. These groups, being extremely base labile, 
were probably lost during the reduction of the reducing end-group 
W-aceryimannosamine residue of the native group A poryeaccha- 
ride. This reduction normally generates a fairly basic solution (>pH 
10). Also in contrast to the group C-TT conjugate, both the native 
and de-Oacetyiated group A polysaccharides precipitated fairly 
comparable amounts of the total antibody, thus Indicating a more 
minor role played by these substftuents in the serology of me group 
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A polysaccharide. Although the group B-TT conjugate antiserum 
reacted with Its homologous conjugate, no precipitate was detect- 
able with the native group 0 polysaccharide used in precipitin 
experiments similar to those described above. 

Immunization ot mice. The groups A f B, and C polysaccharides 
and their TT-conjugates were subcutaneously Injected In mtee at 
weekly intervale, and 7 days after each injection the sera were 
evaluated for antibody QgQ) levels to the conjugates, using the 
homologous poryaaccharide-TT conjugates as coating antigens in 
the EUSA technique (25). Although the sera of the mice repeatedly 
immunized with the polysaccharides showed no significant in- 
crease in antibody level over that of the pretmmune sera, me sera 
of the mice immunized with each of the conjugates had attained 
substantially Increased antibody levels after the 3rd immunization* 
The evaluation of 1 typical serum from a mouse injected with the 
group C-TT conjugate Is shown in Figure 7. This particular serum 
was evaluated by coating the wells with the homologous conjugate 
the homologous native polysaccharide, and a 2 9 u-d-I inked 
sialic acid oligosacchartde-BSA conjugate. The reciprocal end- 
point titers indicate that There is a marked Increase in the titer of 
the post-immune serum over that of the preimmune serum. The 
relatrvely higher titer associated with the group C-TT conjugate 
(Fig. 7) over that of its native polysaccharide is consistent with the 
formation of antibodies associated with the TT moiety. It is inter- 
esting to note that although the group C native polysaccharide was 
as efficient as a coating antigen in the wells of the polyvlnyf plates 
as its homologous dlgosaccjiaride-BSA conjugate, the group A 
polysaccharide could not be used as a direct coating antigen. 

After trie immunization of mice with the group B-TT conjugate, 
ELlSA assays were done on the pooled sera of the groups of 5 
mice bled after the 2nd, 3rd. and 4th injections. These results are 
shown In Figure 8 and largely corroborate re suite obtained in 
previous experiments using the rabbit antiserum to the same con- 
jugates In which no antibody to the native group B polysaccharide 
could be detected. This is exemplified by the failure of the group 
B-BSA conjugate, linked through its terminal reducing sialic acid 
residue, to give any ejgmflcant titer to this antiserum, whereas a 
similar group B-BSA conjugate, linked through its terminal nonre- 
ducing heptulosonic acid residue, presumably via a lysine residue 
of BSA» gave a relatively high titer. This result indicated that as in 
the case of the rabbit antibodies to the group B-TT conjugate, the 
linkage point between the terminal heptulosonic acid residue of the 
group B polysaccharide and a lysine residue of TT is a strong 
determinant in the production of mouse antibodies. The homolo- 
gous group B-TT conjugate gave increasing titers wrth repeated 
Injections of the mice, each of these titers being relatively higher 
than those obtained on the antisera with the similarly linked group 
B-BSA conjugate. This evidence indicates the presence of anti- 
bodies with a specificity foe TT In the mouse antiserum. It is of 
interest to note that after the 2nd injection the difference between 
these 2 titers was at a maximum, the group B-BSA conjugate giving 
only a minimal titer. This implied that the antibodies with a speci- 
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Ffeun? 7. Titration ol Bnti-aroup C poryeacchsflds-TT conjug ate mouse sorura 
In EUSA aoajnat different anthjww. The woto were coaled with the rvomologoua 
conJucale <A}. Ihe hoowloeous group C potysacchvtdB O. and a 2 -» S o-ch 
Hnked static add 0fl8OSKChadde-B8A conjugate (p). Titration cvr«* of the 
Cffiwtiinwre serum vHth (Me dame anBaana are marked wHh identical but solid 
symbols CJL ■>•>. 




SERUMOlLUTtON 

fifcure a. Titration of the anti-group B porysaeertartde-TT oonluuate mouae 
serum In EUSA veing the homolooouD group B-TT con Jug ate CO— — O) and the 
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lla reducing ■nd-group aa a coating antigen. The roman numerate depict the 
number of weekly (n/octtene reouWed to gfo ihe cg*n»pond!ne Otrauoo eu/vea. 



fieity for TT are developed at a footer rate than those having ihe 
linkage specificity. 

Bactericidal assays of the mouse antisera produced by the 
subcutaneous injection of mice with the groups A and C poiysac- 
charkie-TT conjugates demonstrated thB development of signifi- 
cant bactericidal activity after the 3rd injection. Although the prelm- 
mune ears gave no Significant bactericidal titer, the group A-TT 
conjugate induced In the mice a dtet*ot 1 /64, whereas Ihe group 
C-TT conjugate induced in the mice a titer of 1 /4D96. No bacte- 
ricidaJ activity was detected In the mouse antisera produced to the 
group B-TT conjugate. 

DI3CUS3ION 

The use of a simple and direct coupling procedure would be a 
decided advantage m the preparation of poJysaccharlde-proteln 



conjugates for potential use as human vaccines. However, in our 
earlier unpublished experiments this approach with both cyanogen 
brormda (35) and EDC (12) used to couple the group C polysac- 
charide oMreetiy to BSA had proven to be unsatisfactory, due either 
to the poor incorporation of the polysaccharide or to the formation 
of water-Jnscluble complexes. This latter phenomenon could be 
attributed to cross-linking 4 facilitated by the activation of too many 
functional Groups per polysaccharide molecule, although Beuvery 
et a/. (6) have recently reported some success in coupling the 
group C ^saccharide to TT by using EOC depsite the random 
native of this approach to the activation of the carboxylate groups. 
One method of avoiding this situation would be to insert a functional 
group into the polysaccharide molecules thai had different chemi- 
cal properties to those groups already residing on the porygaccha- 
ride. The ideal situation would be to specifically introduce 1 of 
these functional groups per polysaccharide molecule, preferably 
located tn a terminal position. An even eimpter application of (hia 
approach, which would re a aire no rnodification of the polysaccha- 
ride, would be to utilize the potential keto-group of the terminal 
sialic acid residue of the groups & and C polysaccharides, This 
functional group could than conceivably be conjugated directly to 
proteins by reductive amination by using sodium cyanoborohydri de 
(36). Certainly this reagent is acceptable for accomplishing these 
particular conjugations because it has been successfully used to 
conjugate oligosaccharides to protein via the hemiacetal groups of 
their terminal reducing sugar residues (1 3) and has the advantage 
of functioning at pH conditions mild enough to permit the retention 
of labile substituarrts (e.g., O^aceryt). It also has the added advan- 
tage of forming a tolerable linkage in terms of its possible use in 
the synthesis of human vaccines. 

Certainly similar reduced Schlff base structures have already 
been identified in animal tissue (37). However, although reductive 
amination efficiently coupled fairly large R-type meningococcal 
oligosaccharides (m.w. 15O0) (38) through their reducing terminal 
KDO residues (H. J. Jennings and C. Lugowskl. manuscript in 
preparation) directly to protein, the use of the same procedure on 
the larger molecular size group B polysaccharide (m.w. 10.QOO) 
proved to be much less efficient. Therefore, in order to activate the 
higher molecular size polysaccharide to this reagent, a more re- 
active terminal free aldehyde group was introduced Into their 
structures, thus forming potentially monovalent polysaccharide 
molecules. This was achieved by the time-controlled perlodate 
oxidation of the native groups B and C polysaccharides and of the 
reduced group a polysaccharide. The unique structures of the 
above polysaccharides were conducive to the preferential cleav- 
age of only terminally located vicinal hydroxy) groups. In the case 
of the groups B and C polysaccharides, the aldehyde was intro- 
duced at C-7 of their non reducing terminal sialic acid residues, 
and in the group A polysaccharide probably at C-5 of its reduced 
terminal rV-acetytrnannosaminUol residue. 

The protein chosen aa the standard carrier in the preparation of 
conjugates from the above polysaccharides was TT because it is 
already approved as a human vaccine, as are both the groups A 
and C polysaccharides (i ). Beuvery or at. (6) and SchnBerson et 
e/. (7) al$o utilized TT in the formation of their respective conjugates 
of the meningococcal group C polysaccharide and H. influenzae 
type b polysaccharide. The activated groups A, 8. and C polysac- 
charides were conjugated to TT by reductive amination. and al- 
though the coupling proceeded fairly slowly, most of the criteria 
associated with an effective coupling were met Serologic studies 
using these conjugates demonstrated that the O-aceryl substitu- 
ents of the group C polysaccharide were retained by means of this 
coupling procedure, and also emphasized the Importance of these 
substituents to the serologic properties of the native group C 
polysaccharide, in contrast to the group C polysaccharide, these 
serologic studies also provided evidence that the Q-ocetyl substft- 
uents normally associated with the native group A polysaccharide 
(21, 33) were not present on the group A polyBaccheride-TT 
conjugate, and that these substituents also play a much smaller 
role in the serologic properties of the native group A polysaccha- 
ride. However, the loss of these substituents may not be entirely 
attributable to the coupling procedure, and it is more likely that the 
major loss occurred under the more alkaline conditions generated 
in the reduction or the native group A pofysaccharide before its 
perlodate oxidation. Obviously, in order to sensitize reducing end- 
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group sugar residues to perfodate oxidation by means of ttils 
reducing technique, some measure of pH control over the reduction 
procedure wtO be required if one wishes to retain the alkali labile 
O-acetyt substituents. Except for the group A polysaccharide, 
those of groups B and C yielded conjugates with more than a 1 :1 
molar ratio of polysaccharide to TT, and the fact that this ratio was 
higher (2:1) in the case of the group B conjugate provides some 
evidence that the molecular size of the polysaccharide could be a 
factor in determining the final ratio of polysaccharide to TT in the 
resultant conjugate. 

The serologic experiments using the above conjugates Indicate 
that, with the exception of the group & polysaccharide, those of 
groups A and C had been successfully converted to thymic-de- 
pendertt immunogena; in their conjugated forms the Immunogen- 
tcities of both these polysaccharides were substantially Increased 
in rabbits and mice over that of their native polysaccharides. In 
addition, me presence of antibodies with e specificity tg r TT were 
also detected in the arrosera from the above experiments. The 
potential of the groups A and C polysaccharide-TT conjugates for 
use as human vaccines is best demonstrated In the serologic 
results obtained by their weekly subcutaneous injection in mice. 
After the 3rd injection, both the group A-TT and group C-TT 
conjugates had elicited the development of high-titer polysaccna- 
ride^specffrc antisera that also proved to be bactericidal for their 
respective homologous groups A and C organisms. It is interesting 
to note that the above favorable serologic properties were obtained 
using rather small molecular size polysaccharides to form the 
conjugates, indicating that conjugation of these polysaccharides 
may change the large molecular size dependency normally asso- 
ciated with the immunogenicity of the native groups A and C 
polysaccharides in humans (1). This observation has also been 
reported by Schneerson et aJ. (7). 

The group B porysaccharide-TT conjugate proved to have unique 
serologic properties In comparison with the groups A and C poly- 
saccharide conjugates. The immunogenfcJiy of the group B poly- 
saccharide was not enhanced by conjugation to TT, and no bac- 
tericidal activity to the homologous group B organisms could be 
detected. However, a fairly substantial antibody population with a 
specificity for other then TT was detected in the antiserum. This 
population of antibodies was shown by Inhibition experiments to 
be highly specific for the linkage between the lysine residues of TT 
and the terminal heptulosonie acid residue of the oxidized group B 
polysaccharide, thus providing serologic evidence for the exact 
point of linkage between these 2 molecules. The failure of the 
group B polysaccharide to elicit an antibody response even In its 
conjugated form provides strong evidence for the structural iden- 
tity-basis of Its poor immunogenlciiy. The alternative hypothesis of 
the enzymatic (neuraminidase) degradation of the group B poly- 
saccharide in animal tissue is not valid far this particular conjugate 
because in the conjugation process the normally neuramlrudase- 
sensitrve terminal nonreducing sialic acta residue of the group B 
polysaccharide (20) Is modified and becomes stable to this en- 
zyme. The recent identification of 2 -» e o-o-linked sialic acid 
residues in human gangUcsides (39) fs also consistent with the 
former hypothesis and casta some doubt on the possible efficacy 
of a group B polyeaceharide-TT conjugate for use as a human 
vaccine - 
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The present study demonstrates the regulatory role of 
ABA-apeciflc helper end suppressor T cells In the anti- 
body response to T-dependent ABA-proteln Immune 
gene. In wvo experiments have demonstrated that Im- 
munization of BDFi mice with ABA coupled to mouse 
immunoglobulin C (ABA-MIgG) induee suppression of the 
anti-TNP response to a subsequent chaUenge with trinU 
trophenyl-ABA-keyholB limpet hemocyanln (TNP-ABA- 
KLH). Anti-TNP antibody affinity was 5-fold reduced in 
ABA-MlgG-prlmed mice, as compared with controls, ow- 
ing to preferential suppression of high affinity PFC» Pop- 
liteal lymph node cells from ABA-KLH footpad-primed 
mice when cultivated in vitro with TNP-ABA-KLH give a 
sizeable anoVTNP PFC response. Spleen cells from ABA- 
MlgG-prlmed mice not only fall to give anti-TNP PFC 
response when stimulated In vitro with TNP-ABA-KLH, 
but also suppress the anti-TNP response of lymph node 
cells from ABA-KLH primed mice. The Induction of sup- 
pressor celle Is dependant on the dose of ABA-MIgG 
injected and is ABA specific. The T cell nature of sup- 
pressor cells was demonstrated by their enrichment after 
passage over anti-lmmunoglobul in-coated plates. Spleen 
ceils from ABA-MlgG-prlmed mice also suppress the anti- 
ABA PFC response of lymph node cells from ABA-KLH- 
primed mice stimulated in vitro with TNP-ABA-KLH or 
ABA-KLH. Experiments with separated and recomblned 
helper, suppressor, and B cells rrtducod by ABA-protefn 
conjugates Indicate that ABA-primed B cells need to be 
present in culture to obtain suppression of the anti-TNP 
response. Therefore, the regulatory role of ABA-speciflc 
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cell populations on the anti-AB A antibody responae can 
be analyzed in vitro, and this experimental system should 
facilitate the dissection of the network components in- 
volved In the antt-ABA immune response. 



The immune system can be viewed as a functional idiotypic 
network In which regulatory interactions are based on idiertype- 
antWdiotype recognition (1). Several systems have been used to 
tost the validity of the network hypothesis and to analyze the 
cellular elements and the -soluble factors operating In network 
regulation (reviewed in 2). 

The Idiotypic regulation of the immune response to the hapten 
azebertzeneeraonate (ABA)* has been extensively studied in recent 
years, and a vast body of information has been accumulated. 
Hopper and Nisonoff (3) have demonstrated that a/j mice immu- 
nized with ABA conjugated to keyhole (Impel hemocyanin (ABA- 
KLH) produce anti-ABA antibodies, soma of which (20 to 70%) 
bear a cross-reactive idiotype (CRD. This group has also shown 
that Injection of anti-CRl in A/J mice, followed by hyperimmun»- 
zation with ABA-KLH, selectively suppresses the expression of 
CRI** antibodies with only negligible Impairment of the total anti- 
ABA response. Suppression of CRT antibody response is medi- 
ated by suppressor T cells which have been shown to produce 
suppressive factors with idiotypic or anU-idiotypie receptors (4). In 
a series of very elegant experiments Greene, Benacerraf, and co- 
workers (5-7) have analyzed the induction and suppression or 
delays d-type hypersensitivity (PTH) to ABA. Induction of DTH to 
ABA has been obtained by subcutaneous injection of ABA coupled 
to syngoneie cells (5), i v. injection of F(ab')* fragments gf anti-CRl 
antibodies, subcutaneous injection of anti-CRl. and l.v. injection of 
anthCRl in mice pretreated with cyclophosphamide (6). ABA-spe- 
cific suppressor T cells, Induced by l.v. injection of AfiA-syngenelc 
cells, produce idiotype-oearing, KT suppressor T ceil factor, 
which Induces 2nd-order suppressor T celts expressing an tj -Idi- 
otypic receptors (7). 

In this report we establish the conditions to obtain fn vitro 
antibody response to ABA-protein conjugates. ABA- specific helper 
and suppressor T cells can be generated in BDFi mice depending 

3 ADDrovtatiortB used In lhi& Oapor: ABA. afcoOHnzonearsonata; Cfil, cross- 
reactive kfioType; ELACA. c-amlno caprolc acid; KLH. keyhole Hmpef hemocyanin: 
MlgQ, mouso Immunoelobunri 3. TNBS, 2,4.S4rinilrobenzene suKonlc acid; HB. 
mernyl-o^yaroxyoeruimfdalfi: BQQ, bovine y-giobulin; OVA, chicken ovalbumin; 
PaB. pa/a-szobaruoaie. 
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